Arts CJM, Covers CARL, van den Berg H, Thijssen JHH. Effects of wheat bran and energy restriction on onset of puberty, cell proliferation and development of mammary tissue in female rats. Acta Endocrinol 1992;126:451-9. Delayed onset of puberty and mammary development is assumed to reduce the risk of mammary cancer. An animal experiment was performed to investigate the influence of dietary fiber, which is known to affect hormonal balance, on these characteristics. Forty-five immature female rats were randomized into three groups, which were fed ad libitum a low-fiber diet ( <0.5% dietary fiber based on white wheat flour), a high-fiber diet (9.2% dietary fiber based on wheat bran), or an energy-restricted low-fiber diet providing 90% of the energy of the ad libitum low-fiber diet. Energy intake in the second and third groups was similar. Wheat bran slightly delayed onset of puberty, whereas restricted energy intake delayed onset of puberty by about six days. At 48\p=n-\58 days of age, 14 rats of the low-fiber group, 10 of the high-fiber group and 7 of the restricted group were in cycle. Development of mammary tissue was rudimentary in rats of the energy-restricted low-fiber group, stronger in the high-fiber group and strongest in the ad libitum low-fiber group. Cell proliferation in mammary tissue was similar for both groups fed ad libitum, but significantly lower in the restricted group. Peroxidase activity, a biomarker for estrogenicity, was lower in the high-fiber group than in the two low-fiber groups. It is concluded that wheat bran and, even more effectively, an imposed restricted energy intake delays onset of puberty and mammary development. This (8, 9) . All of these factors affect the parameters studied.
indicated that various parameters affect the risk for mammary cancer development: a delayed menarche, early menopause (1) and dietary factors such as an increased fiber intake (2) and restricted energy intake (3) .
In rats fed a high-fiber (HF) diet based on wheat bran, mean weight of NMU-induced mammary tumors was lower than in rats fed a low-fiber (LF) diet based on white wheat flour (4) . Estrogen acts on mammary cells as an inducer of cell proliferation at physiological levels (5) . It was postulated that cancer risk is proportional to the number of proliferating cells, which in turn depends on both the number of cells and the rate of cell division in the tissue (6) . To decrease cell proliferation of mammary tissue, exposure to estrogen has to be minimized. One way to decrease estrogen exposure might be adding estrogen-binding compounds, i.e. particular fibers, to the diet (7) , which results in an enhanced fecal and a lowered urinary estrogen excretion (4) . Despite increased fecal estrogen excretion, no lowered plasma estrogen levels were observed in rats fed the HF diet (4) . A more sensitive test for the estrogen-mediated effect of fiber on estrogen-sensitive tissue could be found in studying the maturation of rats. The addition of wheat bran to a diet also results in a lowered energy intake and the introduction of lignan precursors. The precursors can be converted by intestinal microflora to lignans, absorbed by the intestinal wall and behave as antiestrogenic compounds (8, 9) . All of these factors affect the parameters studied.
To investigate specifically the effects of both wheat bran and reduced energy intake, an experiment was designed in which three groups of immature rats were fed a HF diet, a LF diet or an energy-restricted LF diet. The parameters studied were onset of puberty, mammary development and cell proliferation of mammary tissue.
Exposure of estrogen-sensitive tissue to estrogen was studied by measuring peroxidase activity as a biomarker for estrogenicity (10, 11) .
Materials and methods

Animals
Immature female Fisher rats (F-344), 24 (19) . A difference at p < 0.05 was considered statistically significant. (Fig. 3) . The higher energy intake by rats of the A-LF group resulted in a significantly higher mean body weight after the first week (compared with the R-LF group) and after the second week of the experiment (compared with both other groups).
Onset of puberty
The A-HF diet slightly delayed and the R-LF diet delayed vaginal opening significantly relative to the A-LF diet (Table 3) .
Vaginal smears taken to assess the phase of the cycle indicated that, at 48-58 day of age, 14 rats out of 15 in the A-LF group had an estrous cycle, whereas just 10 animals of the A-HF group and 7 animals of the R-LF group were in cycle (Table 3) . Table 6 . A significantly lower peroxidase activity was found in mammary tissue from rats fed the A-HF diet than in mammary tissue from the A-LF and R-LF groups. (9, 20) .
In the A-HF and R-LF groups energy intake was similar from the start of the experiment until the age of 48 days. However, a restricted diet has a direct effect on body weight; already after the first week mean body weight in the R-LF group was significantly lower than in the A-LF group. The A-HF diet has a delayed effect on body weight; mean body weight of the A-HF was similar to the A-LF group after the first week but lower after the second week (Fig. 3 ). (23) (24) (25) .
A clear effect of dietary fiber and restricted energy intake is the delay in mammary development (Table 5 ). This finding corroborates the result of human studies in which dietary intake based on cereal fiber was related to breast development in girls aged 9 to 13 (24) .
Cell proliferation of the epithelial cells in mammary (33) . Furthermore, it is known that wheat bran affects estrogen excretion (4, 34) and hence lowers exposure of mammary tissue to estrogen (Table 6 ). In the phase of mammary development at an age of about 50 days, the lowered estrogen exposure appears not to affect cell proliferation (Table 4) . However, it cannot be excluded that mammary tumors are more sensitive to lower estrogen exposure resulting in a reduced tumor weight as found previously (4, 33) . A restricted energy intake, rather than an iso-energetic wheat bran diet, affects the parameters studied, i.e. onset of puberty, estrous cycle and mammary development. This might be explained by a stress factor, as mentioned before, or by the fact that wheat bran contains certain precursors, which can be converted into lignans (9) . In the absence of endogenous estrogens in the prepubertal period these lignans might exert estrogenic activity which compensates for the reduced energy intake (20) . However, when endogenous estrogens are present, as in the case of puberty and adolescence, the lignans will have antiestrogenic activity (9) , which might reduce the (effec¬ tive) biologic activity of the estrogens, as discussed previously (4) . Another explanation is that a reduced energy intake inhibits gonadotropin secretion (29) . A lowered LH secretion might affect the estrous cycle and, due to a lowered estrogen production, delay mammary development.
